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Figure 2 - Fixation Procedures 
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Figure 3 - Pres'ervation Components 
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Figure 4 ; Abrasion ,Test 
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Figure 5- Shelf Life Study 
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Figure 6 - Swiss 3T3 
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Figure 7 - HeLa Cells 
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Figure 8 - HT1080 
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Figure 9 - Use of poly-lysine for improved structure 
r tentio'n in MCF-7 cells and mitotic cells. 
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Figure 10 - ApoptoticHT1080 
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Figure 11 - Mitotic HT1080 cells 
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Figur 12 - Ac'tivat d Swiss 3T3 
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Figur 13 - Fibrbnectin staining of Swiss 3T3; 
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Figure 14 - Final Product, Logo_and Packaging. 
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METHOD FOR PRESERVING INTRACELLULAR 
MOLECULAR DETAIL 

[0001] Keywords: 1. molecular structure detail, 2. molecu 
lar-scale detail, 3. intracellular molecular structure detail, 4. 
nanometer-scale detail. 5. immuno?uorescence staining. 
Abreviations: FCS=Fetal calf serum. PBS=Ph0sphate Buff 
ered Saline. DMEM=Dulbecco’s modi?ed Eagle’s Medium. 
LPA=lysophosphatidic acid. PDGF=Platelet Derived 
GroWth Factor. 

FIELD OF THE INVENTION 

[0002] Immunological examination of tissue culture cells 
is important in diagnosing diseases and for basic cell biology 
Where it is used to identify the presence and location of 
speci?c antigens. Tissue culture cells are normally ?xed 
prior to staining With antibodies, hoWever this process only 
alloWs up to one Week of storage prior to staining. The 
ability to preserve ?xed cells With a shelf life of greater than 
one year at 4° C. Would alloW improvement in consistency 
in control slides for experimental and diagnostic applica 
tions. The present invention relates to a process patent for 
the manufacture of tissue culture cells that are preserved for 
extended shelf life. In addition, the present invention 
describes a process of preserving the intracellular molecular 
scale detail Which alloWs a) identi?cation of single micro 
tubules (25 nanometers in diameter) and b) identi?cation of 
the correct conformation of F-actin (nanometer-scale detail) 
even after one year’s storage at 4° C. 

BACKGROUND OF THE INVENTION 

[0003] In cell biology research and clinical diagnostic 
applications, immunological analysis of tissue culture prepa 
rations are paramount importance in identifying antigens. In 
clinical diagnostics, it is presently the case that the presence 
or absence of an antigen is suf?cient to identify a disease 
state. This is the case in analysis of cancer and HIV by 
cluster designation (CD) antigens. For example US. Pat. 
Nos. 5,849,517, 5,648,222 or 6,004,762 describe a method 
to preserve cells in a liquid state that are suitable for 
immunological investigation by How cytometry With a shelf 
life up to one Week. Antigens can consist of cells, cell 
components, proteins, and nucleic acids. Up to the present, 
cells have been preserved in the living state so that they may 
be groWn after storage (US. Pat. Nos. 4,559,298 and 5,879, 
875) and cells have been preserved for histology using 
formaldehyde cross-lining reagents (US. Pat. No. 5,059, 
518) or urea derivatives (US. Pat. No. 5,849,517). All of 
these methods produce samples With preserved antigenicity 
on a Whole cell scale but do not preserve the spatial structure 
of the antigens at the sub-cellular level nor the nanometer 
scale detail of single proteins. In fact, US. Pat. No. 6,004, 
762 describes the technique to actively discourage molecular 
detail (see end of paragraph 10 in the Detailed Description, 
Where it is Written that the authors use a temperature of 0 to 
10° C. to create a situation that is “preventing the polymer 
iZation of microtubules”. See also Kreis and Vale 1993). In 
contrast the present invention describes a method to retain 
this molecular detail by using Warn conditions (see Carr 
aWay and CarraWay 1992) and other ?xatives in combina 
tion With the preservation procedure described here. 

[0004] Another example is that US. Pat. No. 5,849,517 
uses liquid state conditions for ?xation and Fluorescence 
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Activated Cell Sorting (FACS) analysis (see FIGS. 2 and 3 
in US. Pat. No. 5,849,517). Molecular scale detail is not 
required for FACS analysis, this is What is called a Whole 
cell staining procedure i.e. measuring the ?uorescence from 
the entire cell as one quantity, in this respect any procedure 
using FACS does not distinguish molecular detail. 

[0005] Another example is US. Pat. No. 5,059,518 Which 
freeZes cells in solution and then the inventor performs 
lyophiliZation, these preparations are used for FACS analy 
sis also (see FIG. 1 to 4 in US. Pat. No. 5,059,518) there is 
no molecular detail presented here either so one assumes 
there is no molecular structure detail left in these prepara 
tions. Another example is US. Pat. No. 6,004,762 Which 
uses paraformaldehyde to ?x cells, in contrast the present 
invention reports that this ?xative is not suitable to retain 
molecular-scale detail (F-actin protein conformation). 
Another example is that none of the above mentioned 
patents use cells that are ?xed and preserved on to solid 
surfaces (e.g. glass slides) Which is described in the present 
invention. 

[0006] The Words “?xed” and “preserved” must be de?ned 
at this stage for clarity. “Fixed” is de?ned as some means to 
immobiliZe the cells and antigens therein Which enables 
immediate (less than one Week) analysis of antigens by 
immunological examination. There have been many and 
varied reports of ?xation and this is not the focus of the 
present invention. “Preserved” is de?ned as a state of ?xed 
cells that alloWs a shelf life of greater than one Week after 
Which point the preparation may be used for immunological 
examination as if they Were freshly prepared. Preservation is 
the focus of the present invention. 

[0007] Cells groWn is tissue culture can be ?xed by a 
variety of procedures (see Celis 1994) but tWo types are 
commonly used. First proteins in the cell are chemically 
crosslinked With paraformaldehyde, formaldehyde or glut 
araldehyde, and secondly organic solvent precipitation of 
cellular proteins, both procedures retain the structure Within 
cells for periods of up to one Week. Crosslinking chemicals 
cause cross linking of intracellular components making the 
intracellular matrix more stable for immediate immunologi 
cal analysis. Organic solvent ?xation (e.g. methanol ?xa 
tion), precipitates the intracellular proteins in close proxim 
ity (<500 nm) from their original location. Both procedures 
are useful in particular instances, methanol is used as a quick 
procedure so it is useful at ?xing labile components in the 
cell such as ?xing microtubules. Glutaraldehyde is useful for 
?xing smaller proteins Which may be solubiliZed by metha 
nol treatment, and it is more likely to retain the native 
conformation of protein Which may be important for probing 
With labels such as rhodamine phalloidin (see later). 

[0008] The ?xation techniques described above are labo 
ratory procedures Whereby the cells are ?xed and then 
processed in a short timeframe, usually less than one Week. 
For this purpose ?xed cells maybe stored at 4° C. for a day 
or at —20° C. for 1 Week, hoWever times longer than this or 
higher temperatures, such as room temperature, negatively 
impacts the results by disrupting structure and collapsing 
cell architecture. In addition it is presently accepted that 
drying the preparations (similar to lyophiliZation) is not 
considered good practice and results in damaged cell mor 
phology (Celis 1994). The previously mentioned patents 
describe Whole cell analysis Where molecular-scale detail is 
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not required. However molecular scale detail is of critical 
importance for probing tissue culture cells in research and 
future diagnostic applications, therefore the previously pat 
ented techniques cannot be used in place of the present 
invention. 

[0009] The present invention describes a method of pro 
ducing greater than 1000 uniform slides containing pre 
served tissue cultured cells for immunological examination. 
The slides are stable for up to six months at room tempera 
ture Without any loss in intracellular structures and molecu 
lar structure detail. Longer storage times of 1 to 2 years are 
expected based on extrapolation of stability data at elevated 
temperatures. In addition, We have shoWn different physi 
ological states (e.g Rho, Rac and Cdc42 activation) are 
exquisitely preserved With ?ne structural and molecular 
structure detail for many months at 4° C. Several cell types 
have been preserved successfully (SWiss 3T3, HeLa and 
HT1080) using methanol or glutaraldehyde or a combination 
of both ?xation techniques. It is likely that other cell types 
can be successfully preserved using a similar technique. 
These preparations can be used in diagnostic kits and cell 
biology research Where preserved intracellular detail and 
molecular structure are critically important. 

[0010] The time line of the invention is as folloWs: 

[0011] 1. In 1998 it Was discovered that the same compo 
sition of sucrose and dextran that is used to preserve protein 
structure in Cytoskeleton Inc.’s protein products line, Was 
also useful to preserve some detail of intracellular structural 
integrity. 

[0012] 2. In 1999 it Was shoWn that leaving out the sucrose 
and dextran Was a severe limitation to retaining the struc 
tural integrity, but also there Was large variation betWeen 
batches. 

[0013] 3. In 2000 the project languished because the 
company Was moving facilities. 

[0014] 4. In 2001 the project Was re-ignited and more 
uniformity Was obtained betWeen batches i.e. better proto 
cols. 

[0015] 5. in 2002 the project expanded to other cell lines 
and other cell treatments and other ?xative agents. 

[0016] 6. In 2003 the present application Was submitted 
and tWo publications are forthcoming Biotechniques 
November 2003 (submission date). 

DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1—Schematic diagram of the process of 
making the preserved cells. Filename on CD: FIG. 1.pdf. 
The process is broken doWn into eight steps, these are 
Culture, PBS Wash, Fixation, PBS Wash, Equilibrium, Pres 
ervation, Packaging and Storage. The equilibrium, preser 
vation and storage are unique to this invention. Depending 
on the cell line, culture conditions and ?xative may vary, the 
equilibrium is performed With a PBS bufferd solution con 
taining a stabiliZing sugar (e.g. sucrose) and a carbohydrate 
polymer (e.g. dextran). 
[0018] FIG. 2—OptimiZation of ?xative solutions. File 
name on CD: FIG. 2—Fixation conditionsCMYKtif. SWiss 
3T3 cells Were groWn on glass slides and the folloWing 
?xative solutions Were compared to see Which one retains 
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the best intracellular molecular details, A—Water, B—PBS, 
C—3.7% paraformaldehyde, D—1% formaldehyde, E—1% 
glutaraldehyde, and F—100% Methanol. All samples Were 
preserved With the optimal preservative described in FIG. 
3F and stored for one month at 4° C. The images represent 
either cell debris or intact cells stained With anti-tubulin 
antibody (Cat# ATN02 from Cytoskeleton Inc.) folloWed by 
rhodamine anti-sheep secondary antibody (Cat# SG02 from 
Cytoskeleton Inc.). ArroWheads indicate areas of highly 
preserved molecular structure detail Whereas arroWs indicate 
areas of poor preservation Where cell breakage has occurred. 
A,B and C indicate there are no intact cells remaining after 
Water, PBS or paraformaldehyde ?xative treatment. D, E and 
F indicate intact cells When using formaldehyde, glutaral 
dehyde or methanol. In D, E and F there is ?ne molecular 
detail preserved just as if the cells had been freshly ?xed. 
The preparation in FIG. 2D lost molecular detail over the 
course of one month, probably representing the loWer 
crosslinking levels afforded by formaldehyde compared to 
glutaraldehyde or methanol. The White bar in the loWer left 
of A represents 10 micrometers. 

[0019] FIG. 3—OptimiZation of the preservative. File 
name on CD: FIG. 3—Preservative componentsCMYK.tif. 
SWiss 3T3 cells Were groWn on glass slides, ?xed With 
methanol and used to test various preservation parameters 
for retaining molecular detail. Slides Were treated With each 
preservative and then froZen in a —20° C. freeZer unless 
speci?ed, and lyophiliZed overnight. Preservation reagents 
Were A—Water, B—PBS, C—PBS and 1% (W/v) dextran 
(68 K dal), D—PBS plus 5% (W/v) sucrose, E—PBS plus 
5% (W/v) sucrose and 1% (W/v) dextran, and F—same as E 
except rapid froZen in a —70° C. freeZer. The images 
represent either cell debri or intact cells stained With 1;200 
diluted anti-tubulin antibody (Cat# ATN02 from Cytoskel 
eton Inc.) folloWed by 1:200 diluted rhodamine anti-sheep 
secondary antibody (Cat# SG02 from Cytoskeleton Inc.). 
Observe the dark round region in the center of each stained 
area this represents the intact nucleus (some are labeled With 
N), the stained area in intact cells represents the cytoplasm 
Where the majority of tubulin staining is found in the form 
of microtubules (stringy looking structures). Note in A,B 
and C, the lack of cells and hence no molecular detail. Note 
in D, the presence of cells but the lack of molecular detail. 
Note in E and F the presence of cells With exquisite 
molecular detail. The arroWheads indicate single microtu 
bules Which are only 25 nanometers in diameter or 5 to 6 
tubulin protein molecules in Width (microtubules are cylin 
ders of 13 to 14 tubulin molecules in circumference). Cells 
Were better preserved With rapid freeZing When com 
pared for less damaged cells, this Was probably due to more 
ice crystals forming With the sloW freeZing method. See 
damaged areas labeled With “d” Where the cells have pieces 
missing, more damaged examples are shoWn later in FIG. 4 
Where an abrasion test is performed. 

[0020] FIG. 4—Abrasion test for robustness. Filename on 
CD: FIG. 4—Abrasion test.tif. 

[0021] In order to incorporate knoWledge of robustness 
into the invention We performed abrasion tests on lyo 
philiZed preparations. A—is the control no abrasion. B is a 
light knocking of the slide Without actual contact of the 
poWdery surface of the slide. C is a light rubbing of the 
poWdery surface of the slide. D is scratched to the glass 
surface. The images represent either cell debri or intact cells 
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stained With anti-tubulin antibody (Cat# ATN02 from 
Cytoskeleton Inc.) followed by rhodamine anti-sheep sec 
ondary antibody (Cat# SG02 from Cytoskeleton Inc.). Short 
arrows represent cracks in the cells that are caused by some 
contact in C or at the edge of a scratch in D. The long arroW 
represents the direction and orientation of the scratch. The 
conclusion from this experiment is that the preparation is 
suitable for shipping and handling Where the surface can be 
in minimal contact With the packaging alloWing a slight 
amount of abrasion. 

[0022] FIG. 5—Shelf life study. Filename on CD: Shelf 
life studyCMYKtif. 

[0023] In order to be a value commodity the cell prepa 
rations must have a shelf life of at least one year. Here We 
shoW a batch of SWiss 3T3 that Was ?xed With methanol, 
preserved With the same composition as FIG. 2F and stored 
as described in FIG. 1 at 4° C. or 37° C. for up to 180 days 
(number noted on the left of the ?gure). The images repre 
sent intact cells stained With anti-tubulin antibody (Cat# 
ATN02 from Cytoskeleton Inc.) folloWed by rhodamine 
anti-sheep secondary antibody (Cat# SG02 from Cytoskel 
eton Inc.). Normal storage temperatures are 4-8° C., Whereas 
37° C. is used as an accelerated study temperature Which is 
equivalent to eight times the duration at 4° C. (Q1O rule=for 
every 10° C. increase in temperature there is a tWo fold 
increase in reaction rate for a ?rst order reaction in the First 
LaW of Thermodynamics [Cell Biology 1979 p125-128 and 
152]). Therefore 180 days at 37° C. is equivalent to 1440 
days or 3.95 years at 4° C. There are intact structures 
shoWing molecular detail at all time points up to 180 days at 
37° C. indicating that 4 years of storage at 4° C. is feasible. 

[0024] FIG. 6—Preserved SWiss 3T3 cells stained With 
anti-tubulin, anti-actin and rhodamine phalloidin. Filename 
on CD: FIG. 6—SWiss3T3 anti-Tub-Act-PhallCMYK.tif. 

[0025] Our model cell line SWiss 3T3 Was used to test 
different ?xatives for their effects on doWnstream stains. 
Anti-tubulin and anti-actin stains probe for all tubulin pro 
tein or actin protein respectively. Whereas rhodamine phal 
loidin stains only ?lamentous actin Which has preserved 
actin conformation (i.e. a non-denatured or native protein 
conformation), this extra depth of molecular detail indicates 
that the preservation technique preserves not only intracel 
lular localiZation but also the actual conformation of the 
protein in each cell. Cells Were stored for one month at 4° 
C. before this study because earlier time points Were more 
comparable for rhodamine phalloidin staining i.e. had not 
denatured in the methanol sample upto this point. HoWever 
the increased shelf life is apparent at this one month time 
point by good staining With rhodamine phalloidin in the 
glutaraldehyde sample. There is good staining With anti 
tubulin and anti-actin in both ?xation procedures (see intra 
cellular molecular detail in A,B,D and E), hoWever only the 
glutaraldehyde ?xation (in combination With the preserva 
tion method) retains the actual conformation of the original 
actin molecules so that it can bind rhodamine phalloidin, 
compare C With F. The brighter staining in F indicates much 
more retained protein conformation compared to C. There 
fore tWo procedures are delineated, one With methanol 
Which is suitable for all antibody staining because it perme 
abiliZes cells and alloWs probing into even nuclear regions. 
The other method With glutaraldehyde is suitable Where the 
actual protein conformation (another depth of molecular 
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detail) is required for small molecule probing. Of course 
both procedures must be performed in combination With the 
optimiZed preservation method described here in order to 
last longer than one Week at 4° C. 

[0026] FIG. 7—Preserved HeLa cells stained With anti 
tubulin, anti-actin and rhodamine phalloidin. Filename on 
CD: HeLa anti-Tub-Act-Phall-02.tif 

[0027] All conditions and procedures Were the same as 
described in FIG. 6. HeLa cells (human cervical cancer) 
respond differently to methanol ?xation than SWiss 3T3. In 
general With methanol ?xation the cellular and intracellular 
detail is lost, and cells shrivel up on the slide (see A,B,C). 
In contrast the glutaraldehyde ?xation results in intact cells 
With intracellular molecular detail (see D,E,F). There Was a 
common ?nding that the less adherent cells (HeLa is less 
adherent than SWiss 3T3) Were recalcitrant to the methanol 
treatment, but had adequate intracellular detail With glut 
araldehyde. This Was shoWn even more clearly With MCF7 
Which is less adherent than HeLa (see FIG. 9) Where other 
methods had to be employed. These cells Were stored for 6 
Weeks at 4° C. before analysis. 

[0028] FIG. 8—Preserved HT1080 cells stained With anti 
tubulin, anti-actin and rhodamine phalloidin. Filename on 
CD: HT1080 anti-Tub-Act-Phall-02.tif. 

[0029] All conditions and procedures Were the same as 
described in FIG. 6. Cells Were stored for three months prior 
to analysis. HT 1080 Were similar to HeLa cells in that they 
Were not ?xed effectively With the methanol procedure (see 
only cell debris in A,B,C), but the glutaraldehyde method 
Worked Well (see D,E,F). 

[0030] FIG. 9—Use of poly-lysine coated cells to pre 
serve MCF-7 cells. Filename on CD: Recalcitrant cell 
linesCMYKtif. 

[0031] All conditions and procedures Were the same as 
described in FIG. 6 except that only anti-tubulin staining 
Was used. Cells Were stored 6 Weeks prior to analysis. 
Untreated slides Were used in A, D and E, and poly-lysine 
coated slides (1 mg/ml for 5 min, folloWed by three PBS 
Washes) Were used in B,C and F. In this example there is no 
cellular structure retained in A,D or E, hoWever using 
poly-lysine and quick ?xation by methanol in combination 
With the preservation technique described here resulted in 
exquisite molecular detail remaining (see microtubule struc 
tures in the intact cell in panel B). This indicates that cells 
that are difficult to preserve With the preferred procedure can 
be preserved by modifying the groWth substrate. Additional 
methods to enhance preservation may include deriving 
strongly attaching cell lines or altering media components to 
increase attachment to the glass slides. C and F shoW 
additional mitotic cells of MCF-7 using poly-lysine coated 
slides. 

[0032] FIG. 10—Preservation of apoptotic cells. File 
name on CD: HT1080 and apoptosis-03.tif 

[0033] As a possible diagnostic tool, apoptotic cells are a 
model system for analysis. Here We shoW HT1080 to be Well 
preserved by glutaraldehyde and preservation method 
described in FIGS. 8D,E and F. Cells Were stored for 3 
Weeks prior to analysis. Paclitaxel Was added to cultures 24 
h hours before ?xation Which Was suf?cient to induce 
apoptosis. A clear signal of apoptosis is blebbing of nuclear 
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material as clearly seen at the arrowheads in B. In apoptotic 
cells cytoskeletal architecture is lost, so there is not much 
detail to be seen When staining With anti-tubulin as in D. 
Clearly the staining procedure is Working as represented by 
clear microtubule structures seen in the normal preserved 
cells as shoWn in C. 

[0034] FIG. 11—Preservation of mitotic cells. Filename 
on CD: MitoticCMYK.tif. 

[0035] All conditions and procedures Were the same as 
described in FIG. 6 except that anti-tubulin and DAPI 
staining Were used and the time in storage Was 1 month. 
Approximately 1-3% of cells are undergoing mitosis at any 
one instant during cell culture (therefore its difficult to ?nd 
more than one per image), mitotic cells are in the process of 
dividing genetic material to form tWo nuclei Which then 
form individual nuclei for tWo daughter cells in a process 
called cytokinesis. Mitosis can be broken doWn into sub 
stages called Prometaphase, Metaphase, Anaphase and Telo 
phase (Cell Biology 1979 p697). The cell in this image is in 
the telophase of mitosis Which means the genetic material 
has already separated and is being pushed further apart by 
the mitotic spindle. An abundant component of the mitotic 
spindle is tubulin, so using anti-tubulin antibodies We can 
see the molecular detail of the spindle. Clearly the preser 
vation process described here is retaining the mitotic detail. 
Many Cyclins and other mitotic proteins are expressed or 
degraded speci?cally in mitosis so this makes an excellent 
tool to probe for the location and abundance of there 
components. Other mitotic cells are shoWn in FIGS. 9C and 
9F. 

[0036] FIG. 12—Preservation of groWth factor stimulated 
cells. Filename on CD: Activated 3T3CMYCK.tif. SWiss 
3T3 cells Were groWn in normal culture conditions (A), or 
treated With “no serum” media (B), then exposed to groWth 
factors for 10 min, lysophosphatidic acid (LPA) (C), platelet 
derived groWth factor (PDGF) (D) or tumor necrosis factor 
alpha (TNFa) After 10 min treatment the cells Were 
?xed, preserved With the optimal procedure described in 
FIG. 2F and stored for one month at 4° C. The cells 
responded normally to these treatments (compare With Rid 
ley and Hall 1993) and the preservation technique retained 
the intricate molecular detail associated With each groWth 
factor’s appropriate response. Cell preparations Were ?xed 
With glutaraldehyde so they could be probed With rhodamine 
phalloidin to detect conformationally active actin protein in 
the form of stress ?bers (see arroWheads in A). “No serum” 
control cells had very feW stress ?bers (see arroWs in B). 
Actin stress ?bers Were appropriately observed in LPA 
treated cells (see arroWheads in C). Actin accumulation Was 
appropriately observed in PDGF treated cells (see arroW 
heads in D). And micro-spikes containing actin ?bers Were 
observed as expected in TNFa treated cells (see long arroWs 
in 

[0037] FIG. 13—Use of preserved SWiss 3T3 cells as a 
tool to investigate basic biological questions. Filename on 
CD: FibronectinCMYKtif. 

[0038] As an example of using the present invention in 
basic biology, We probed preserved SWiss 3T3 cells treated 
With the same groWth factors as described in FIG. 12. The 
cells Were probed this time With rhodamine ?bronectin. 
Fibronectin is knoWn to bind at focal adhesion plaques 
Which are cell originating points of attachment betWeen the 
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cell and the groWth surface. By adding 20 ug/ml of rhodmine 
?bronectin in PBS to each slide for 20 min at room tem 
perature We Were able to identify the focal adhesions in LPA 
activated cells only. Normal groWn cells, PDGF and TNFa 
treated cells all had diffuse cytoplasmic staining Whereas 
“no serum” groWn cells had a slightly more intense cyto 
plasmic staining. This indicates that these preparations have 
retained ?bronectin binding sites and that the binding sites 
coalesce When cells are treated With LPA to focal adhesion 
plaques Which is similar to the original observation of these 
cells by Nobes and Hall (1995). 

[0039] FIG. 14—Presentation of the ?nal product and 
packaging. Filename on CD: Final ProductCMYK.tif. FIG. 
1A shoWs the ?nal product presented for inspection in an 
open box. There are six 24 mm><24 nm glass slides contain 
ing preserved cell on the surface (see White poWdery mate 
rial). This box is closed and packaged With a Trisorb 
(Sud-Chemie Inc.) desiccant (1 unit per box) and locked into 
a 6 mil thick polythene Zip-lock bag. This construction Will 
preserve the product for 12 months in a 4° C. cooler, Which 
is usually 100%-humidity environment because of conden 
sation inside the cooler. The product remains at <5% humid 
ity because of the desiccant enclosed in the 6 mil thick 
polythene bag. Note hoW the CellViZion logo integrates the 
name and form of the ?nal product by shoWing clear 
molecular-scale detail on the schematic slide. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] The process of preserving long lasting cell samples 
for immunological examination requires several steps that 
are detailed in FIG. 1. Brie?y cells are cultured on glass 
slides, Washed With iso-temperature phosphate buffered 
saline (37° C. temperature pre-Warmed PBS), ?xed With 
methanol or glutaraldehyde or a combination of both, 
Washed With PBS, then immersed in preservative. After 
placing at —70° C. for 30 min (rapid freeZing) the cells are 
lyophiliZed for 16 h and packaged in a dry environment. 

[0041] 
[0042] Microtubules are structural components of cells 
that are composed of a 25 nm cylindrical arrangement of 
tubulin protein (see Microtubule Proteins, Academic Press 
Inc. NY. Editor J. Avila 1992). Microtubule are labile 
structures and they fall apart or depolymeriZe When per 
turbed, for example using colder PBS Wash e.g. 0-10° C. as 
in US. Pat. No. 6,004,762 result in ablation of microtubules 
and hence loss of molecular structure detail. This charac 
teristic is exploited in this invention by using an antibody 
that speci?cally recogniZes microtubules and hence detects 
Whether the structures are perturbed under certain condi 
tions. They make a sensitive nanometer-scale indicator of 
preserved molecular scale detail. LikeWise ?lamentous actin 
or F-actin is a 7 nm helical rope like arrangement of actin 
protein. In the correct conformation F-actin binds 
rhodamine-phalloidin a ?uorescent loW molecular Weight 
compound (c. 800 daltons), in the non-native conformation 
actin Will not bind to rhodamine-phalloidin. Probing With 
this compound thus forms another sensitive test of intrac 
ellular molecular structure detail. 

Indicators of Intracellular Molecular Detail: 

[0043] Cells are cultured in appropriate medium depend 
ing on their nutritional requirements. For HT 1080 cancer 
cells used here, F-12 medium plus 10% fetal calf serum is 
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used for all sub-culturing, Whereas for Swiss 3T3 DMEM 
media plus 10% FCS is used. Cells are grown to half full 
density (i.e. half covering the surface that they adhere to), 
then they are Washed With iso-temperature PBS to remove 
culture media. Iso-temperature PBS also preserves intracel 
lular molecular structure detail because using a colder PBS 
Wash e.g. 0-10° C. as in US. Pat. No. 6,004,762 Would result 
in microtubule depolymeriZation and loss of molecular 
structure detail (as described above). 
[0044] Fixative can be either methanol for 24° C. for 2 
min, or glutaraldehyde (or a mixture of glutaraldehyde and 
methanol) for 24° C. for 20 min. Cells are again Washed in 
PBS and then 150 ul of preservative solution is pipetted 
carefully on top of the coverslip. Preservative solution is 
optimally 10% PBS, 5% sucrose, 1% dextran in Milli-Q 
Water (10'18 ohm) but these components can be altered or 
replaced With other components that provide the same 
function ie PBS is a buffer, sucrose stabiliZes structure 
during freeZing and lyophiliZation, and dextran provides 
extra support for molecular structure during long term 
storage. Samples are placed in —70° C. freeZer to freeZe 
rapidly (—20° C. freeZing is not optimal as shoWn in FIG. 3) 
and then lyophiliZed using a standard Virtis machine With 
shelves. LyophiliZation is at —40° C. initially and then later 
the temperature is raised to room temperature to completely 
sublime the Water. After lyophiliZation, packaging is accom 
plished using 6 mil (six thousandths of an inch) thick plastic 
bags containing a one unit Trisorb (Sud-Chemie Inc.) des 
iccant pouch, Which are heat sealed or Zip-locked to retain 
the humidity at less than 5% saturation. The lyophiliZed 
preservative solution noW protects the cells by creating a 
layer of dry sucrose Which is about 2 millimeters deep, this 
is compared to the depth of the cell layer Which is usually 
less than 10 micrometers. 

[0045] Analysis of Results 
[0046] FIG. 2 indicates that there are no intact cells 
remaining on the glass slide after Water, PBS or paraform 
aldehyde ?xative treatment. FIG. 2 D, E and F indicate 
intact cells remain When using formaldehyde, glutaralde 
hyde or methanol. In D, E and F there is ?ne molecular 
structure detail preserved as shoWn by anti-tubulin antibody 
Which stains microtubules. The preparation in FIG. 2D 
(formaldehyde ?xation) lost molecular detail over the course 
of one month, probably representing the loWer crosslinking 
levels afforded by formaldehyde compared to glutaralde 
hyde or methanol. This gradual loss of molecular-scale 
detail Was also observed in slides stained With rhodamine 
phalloidin (see FIG. 6 description beloW) indicating it Was 
a general phenomena and not limited to the microtubule or 
actin structures alone. 

[0047] Next We optimiZed the preservative component by 
comparing Water, PBS, sucrose, dextran, sucrose and dext 
ran and a rapid freeZe. Sucrose or dextran Were essential for 
preservation of intracellular molecular detail. Although 
some detail remained With PBS, it Wasn’t sufficient to folloW 
the Whole cell shape. The lack of sucrose and using dextran 
only resulted in breakages in cell architecture (see FIG. 3D) 
indicating that sucrose is required for the ef?cient retention 
of molecular structure detail. The —70° C. rapid freeZing 
resulted in more detail remaining after lyophiliZation (FIG. 
3F). 
[0048] In order to incorporate knoWledge of robustness 
into the invention We performed abrasion tests on lyo 
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philiZed preparations. We used a light knocking of the slide 
Without actual contact of the poWdery surface of the slide 
and compared this to a light rubbing of the poWdery surface 
and to a scratched surface. FIG. 4 shoWs that up to the point 
of light abrasion the cell’s structure is not harmed, only 
scratching removed cells from the glass surface. The con 
clusion from this experiment is that the preparation is 
suitable for shipping and handling Where the surface can be 
in minimal contact With the packaging alloWing a slight 
amount of abrasion. 

[0049] In order to be a valuable commodity the cell 
preparations must have a shelf life of at least one year. In 
FIG. 5, We shoW a batch of SWiss 3T3 that Was ?xed With 
methanol, preserved With the same composition as FIG. 2F 
and stored as described in FIG. 1 at 4° C. or 37° C. for up 
to 180 days (number noted on the left of the ?gure). The 
images represent intact cells stained With anti-tubulin anti 
body folloWed by rhodamine anti-sheep secondary antibody. 
Normal storage temperatures are 4-8° C., Whereas 37° C. is 
used as an accelerated study temperature Which is equivalent 
to eight times the duration at 4° C. (Q1O rule=for every 10° 
C. increase in temperature there is a tWo fold increase in 
reaction rate for a ?rst order reaction [Cell Biology 1979 
p125-128 and 152). Therefore 180 days at 37° C. is equiva 
lent to 1440 days or 3.95 years at 4° C. There are intact 
structures shoWing molecular detail at all time points upto 
180 days at 37° C. indicating that 4 years of storage at 4° C. 
is feasible. 

[0050] Our model cell line Swiss 3T3 Was used to test 
different ?xatives for their effects on doWnstream staining 
(FIG. 6). Anti-tubulin and anti-actin stains probe for all 
tubulin protein or actin protein respectively. Whereas 
rhodamine phalloidin stains only ?lamentous actin Which 
has preserved F-actin conformation (i.e. non-denatured pro 
tein conformation), this is an extra depth of molecular detail 
indicates that the preservation technique preserves not only 
intracellular localiZation but also the actual conformation of 
the protein in each cell. Cells Were stored for one month at 
4° C. before study because at this time point there Was a 
signi?cant difference betWeen methanol and glutaraldehyde 
?xed cells in terms of rhodamine phalloidin staining. There 
is good staining With anti-tubulin and anti-actin in both 
?xation procedures (see intracellular molecular detail in 
A,B,D and E), hoWever only the glutaraldehyde ?xation (in 
combination With the preservation method and stored for 
one month) retains the actual conformation of the original 
F-actin molecules so that it can bind rhodamine phalloidin 
(compare the brightness betWeen FIGS. 6C and 6F). 
Methanol ?xed cells are approximately ?vefold less bright 
than glutaraldehyde ?xed cells indicating a ?ve fold reduc 
tion in retention of F-actin conformation. In extended time 
frames i.e. storage at 4° C. up to six months, this phenomena 
became more exaggerated to a point Where there Was no 
longer suf?cient staining to visualiZe any ?laments in the 
methanol ?xed samples, in contrast the glutaraldehyde ?xed 
samples retained brightly labeled F-actin indicating effective 
retention of molecular-scale detail. Therefore the tWo pro 
cedures are delineated, one With methanol Which is suitable 
for all antibody staining because it permeabiliZes cells and 
alloWs probing even into nuclear regions. The other method 
With glutaraldehyde is suitable Where the actual protein 
conformation (another depth of molecular detail) is required 
for probes that require this detail. Both ?xation procedures 
must be performed in combination With the optimiZed 










